Background: Despite a decrease in driving under the influence of alcohol (DUIA) prevalence over the past decades, DUIA prevalence still remains high in the United States. To date, there is limited research examining whether different types of substance users have different trends in DUIA. This study sought to assess trends and variables associated with DUIA by substance use type. Methods: National Survey on Drug Use and Health (NSDUH) is a cross-sectional, nationally representative population-based survey. By using the NSDUH 2008-2014, we performed the Joinpoint analysis to identify time trends of DUIA in each group of substance users (aged ≥18 years). Logistic regression analysis was used to explore association between substance use type and DUIA and to identify variables associated with DUIA.
Background
During the past few decades in the United States, the prevalence of driving under the influence of alcohol (DUIA) has decreased [1, 2] . Results from the National Survey on Drug Use and Health (NSDUH) showed that from 2005 to 2014, there was a 37% proportional decline in DUIA prevalence among US adults aged 18-24 years [3] . According to the 2013-2014 National Roadside Surveys of Alcohol and Drug Use by Drivers, the percentage of weekend nighttime drivers with breath alcohol concentration of .005-.049, .050-.079, and .08+ was 5.2, 1.6, and 1.5%, respectively; these percentages were remarkably lower as compared with 22.3, 6.1, and 7.5% in 1973 [4] . However, DUIA is still an important public health problem because prevalence rates remain high. According to results from the 2016 NSDUH, 8.2% of Americans aged 16 or older reported DUIA during the past year [5] . DUIA can pose a serious safety concern because alcohol is responsible for fatal crashes [6] [7] [8] . Alcohol-impaired driving crashes accounted for 28% of overall fatalities in the United States in 2016 [9] . Data from the US Department of Transportation Fatality Analysis Reporting System also showed that the prevalence of alcohol involvement in fatal crashes from 1999 to 2010 was at approximately 39% [10] . Economic costs associated with alcohol-involved crashes were estimated to be $52 billion [11] .
Several studies examined the prevalence trends of DUIA in the United States by subgroup characteristics, such as race/ethnicity, sex, age, and drinking category [2, [12] [13] [14] [15] ; the prevalence of DUIA was higher among younger people, male, and people who reported binge drinking than their counterparts. However, populationbased data on DUIA trends by substance use type are scarce. DUIA trends among marijuana users and prescription opioid misusers may be of particular interest because simultaneous or concurrent use of alcohol and these two drugs is commonly reported [16] [17] [18] [19] . The use of both alcohol and marijuana was reported by 23% of US high school seniors who participated in the Monitoring the Future (MTF) study [20] . In another study using the MTF data, more than half of high school prescription opioid misusers reported use of prescription opioids and alcohol [21] . In the sample of motor vehicle crashes, marijuana was the most frequently detected non-alcohol substance [22] . The odds of fatal crashes increased significantly with combined use of alcohol and marijuana [23] . There is also evidence that fatal crashes among prescription opioid misusers is a growing concern. Between 1999 and 2000 and 2009-2010, the greatest increase in fatally injured drivers was associated with prescription narcotics; specifically, the prevalence of fatally injured drivers tested positive for hydrocodone/oxycodone increased over six times during the study period [24] .
Marijuana and prescription opioids' contribution to fatal crashes suggests a need for more research on DUIA trends by specific type of substance use.
Besides a single substance use, different types of multiple substance use also need to be taken into account when examining how DUIA trends differ by substance use type. The use of multiple substances was associated with greater probability of hazardous drinking that was found to be associated with increased risk of DUIA [25, 26] . A considerable body of evidence also suggests that multiple substance use was more strongly associated with fatal crashes than single substance use [27] [28] [29] . Marijuana and prescription opioids are the most commonly used non-alcohol substances in the United States [5] . Considering that marijuana use is associated with increased risk of prescription opioid misuse [30, 31] , it is not surprising that a sizable proportion of prescription opioid misusers reported marijuana use [21, 32] . Despite the existing evidence that marijuana and prescription opioids are the most commonly detected non-alcohol substances in fatally injured drivers [33] , DUIA trends among prescription opioids-marijuana users has been understudied. More attention also needs to be paid to the use of multiple prescription drugs as prescription drug misuse is widely considered a major public health issue. In a study of 3038 blood samples of suspected impaired drivers in Netherlands, 33% were positive for prescription drugs; of whom, 37% were multiple prescription drug users [34] . In addition, the use of multiple prescription drugs was found to be associated with increased crash risk [35] .
Given the lack of research, more information on DUIA trends by single and multiple substance use would be useful in designing and implementing effective interventions to reduce DUIA. Accordingly, this study sought to examine trends and correlates of DUIA in the United States across different types of adult substance users.
Methods

Data
Data came from the 2008-2014 NSDUH public-use data files. The NSDUH is an annual cross-sectional survey supported by the Substance Abuse and Mental Health Services Administration. The NSDUH provides in-depth information on prevalence and patterns of substance use and substance use disorder in the civilian non-institutionalized population aged ≥12 years in the United States. The target population of NSDUH includes residents of households, non-institutional group quarters (e.g., shelters, rooming houses, dormitories), and civilian living on a military base. Individuals living in institutional group quarters (e.g., jails and hospitals), active duty military personnel, and individuals with no fixed address (e.g., homeless) were not included in the NSDUH. In the NSDUH, data were collected using computer-assisted interviewing methods. To ensure accuracy, data regarding private and confidential questions (e.g., illicit drug use, mental health, and other sensitive behaviors) were collected using audio computer-assisted self-interviewing [36] . For less sensitive demographic items, computer-assisted personal interviewing was used. The NSDUH employed a multistage area probability sample in each of the 50 states and the District of Columbia. Weighted screening and response rates for the 2008-2014 NSDUH were 81.9-88.8% and 71.2-74.7%, respectively.
In this study, we focused on adults (aged ≥18 years) who reported alcohol or drug use in the past year. Adult substance users include "alcohol only users (non-drug use)" and "one or more drug users regardless of alcohol use status." The latter group was further classified into six groups: prescription opioids only; marijuana only; other single drug; prescription opioids-marijuana; multiple prescription drugs; and other multiple drugs. A total of 206,473 adult substance users (aged ≥18 years) from the 2008-2014 NSDUH were analyzed.
Study variables
Drug use in the past year NSDUH included information on alcohol and drug use from nine drug categories: marijuana, cocaine, heroin, hallucinogens, inhalants, as well as misuse of prescription pain relievers, tranquilizers, stimulants, and sedatives. In the NSDUH, misuse of prescription drugs was defined as use of medication without a prescription or use only for the experience or feeling caused by medication. Respondents who reported lifetime use of each drug (marijuana, cocaine, heroin, hallucinogens, inhalants, prescription pain relievers, tranquilizers, stimulants, and sedatives) were asked about recency of use. Individuals were considered as past-year substance user if they used alcohol or drug within the past 12 months.
Driving under the influence of alcohol in the past year
The NSDUH asked respondents, (a) "During the past 12 months, have you driven a vehicle while you were under the influence of a combination of alcohol and illegal drugs used together?" and (b) "During the past 12 months, have you driven a vehicle while you were under the influence of alcohol only?" In the NSUDH, DUIA was defined as positive response to either of the questions (a) or (b).
Alcohol abuse and dependence in the past year
Alcohol abuse and alcohol dependence were included in the analysis as covariates given a possible association with DUIA [37, 38] . The NSDUH used DSM-IV criteria for substance abuse and dependence [39] . Based on the DSM-IV criteria, those who reported at least one of four alcohol abuse symptoms but did not meet the criteria for alcohol dependence during the past year were considered as having alcohol abuse. Those who reported at least three out of seven alcohol dependence symptoms during the past year were considered as having alcohol dependence.
Sociodemographic characteristics
Sociodemographic characteristics included age (18-25, 26-34, 35-49, 50+) , sex (male and female), race/ethnicity (non-Hispanic White, non-Hispanic Black, Hispanic, Asian/Native Hawaiian/Other Pacific Islander, and other), annual household income (≤$49,999, $50,000-$74,999, and ≥ $75,000), and population density (large metro, small metro, and non-metro). These sociodemographic characteristics were included as covariates in the analysis based on prior findings that indicated a possible association with DUIA [40] [41] [42] [43] . Survey year was included as a categorical variable in the descriptive statistics to produce the prevalence of DUIA by year. In the adjusted analysis, survey year was considered as a continuous variable to explore time trends of DUIA.
Statistical analysis
First, we conducted a descriptive analysis to examine distributions of sociodemographic characteristics across seven different types of adult substance users. We then examined past-year prevalence of DUIA by substance use type. To identify statistically significant changes in DUIA trend over time in each group, the Joinpoint analysis was performed [44] . The Joinpoint analysis was used to identify time points where a statistically significant change in linear slope of the trend occurred. The analysis started with zero joinpoints (a straight line) and assessed model fit by adding up to a maximum number of joinpoints. In the final model, the best-fitting joinpoints were selected [45] . Joinpoint analysis also estimated annual percentage change (APC) and average annual percent change (AAPC) [45] . Finally, logistic regression analysis was performed to explore association between DUIA and substance use type (reference group = alcohol only), adjusting for age, race/ethnicity, sex, annual household income, population density, past-year alcohol abuse/dependence, and survey year. Variables associated with DUIA were also examined using adjusted logistic regression. We reported 95% confidence intervals (CIs) and adjusted odds ratios (ORs) to help interpretation. All results, except for sample size, were weighted to account for the NSDUH's complex survey designs, such as weighting and clustering effects. All statistical analyses, except the Joinpoint analysis, were performed using SAS 9.4 (Cary, NC). The Joinpoint analysis was performed using the Joinpoint software version 4.7.0.0 (National Cancer Institute, 2019). This study was exempted from the Duke University Health System Institutional Review Board due to use of publicly available, de-identification datasets.
Results
Sociodemographic (Table 1) Among all adult substance users (N = 206,473), 78.80% (n = 141,521) were alcohol only users (non-drug use) and the remaining were drug users regardless of alcohol use status. The proportions of drug use groups were as follows: prescription opioids only (2.31%, n = 5337), marijuana only (10.47%, n = 32,206), other single drug (1.65%, n = 3789), prescription opioids-marijuana (1.08%, n = 3921), multiple prescription drugs (0.55%, n = 1267), and other multiple drugs (5.14%, n = 18,432). Past-year alcohol abuse and dependence were much prevalent among multiple drug users (alcohol abuse; 17.36% and alcohol dependence; 19.71%) than among alcohol only users (alcohol abuse; 3.57% and alcohol dependence; 2.93%). Table 2 
Discussion
This study examined changes in DUIA trend by substance use type and identified variables associated with DUIA. By using the joinpoint analysis, we estimated the APC and AAPC in each group of substance users over the study period (2008) (2009) (2010) (2011) (2012) (2013) (2014) . The largest decline was observed among multiple prescription drug users with the AAPC of − 7.4%. The AAPC was − 6.5% among prescription opioids-marijuana users, − 5.4% among prescription opioids only users, − 5.0% among marijuana only users, − 3.2% among other multiple drug users, and − 2.8% among alcohol only users. Single drug users showed the smallest decline (AAPC = − 0.9%) from 2008 to 2014, which was not statistically significant. DUIA prevalence among other single drug users increased from 2008 to 2012 (APC = 8.7%) and then decreased from 2012 to 2012 (APC = − 17.6%). Such decreasing trends of DUIA across all substance use groups, regardless of statistical significance, suggest that national efforts may have reduced DUIA to some extent. However, the estimated prevalence of DUIA among adult substance users still remains considerably high (ranging from 12.93 to 48.30%, overall) and the magnitude of decline in DUIA prevalence differed by substance use type. Clearly, there is a continuing need for prevention efforts to reduce DUIA among all substance use groups at the national level. In recent years, there has been a significant change in laws surrounding prescription opioids and marijuana, such as prescription drug monitoring program (PDMP) and marijuana legalization [46, 47] . Thus, it is necessary to further assess the impacts of such laws on DUIA. PDMP is a state-level database that tracks controlled substance prescriptions. Studies have reported some positive effects of PDMP on reducing prescription drug misuse [48] [49] [50] . Considering the high probability of use of both alcohol and prescription drugs [16, 17, 21, 51] , it would be important to assess long-term impacts of PDMP on the DUIA occurrence as well as prescription drug misuse. State marijuana legalization laws also have changed over time in the United States. Available data have suggested that marijuana legalization appeared to contribute to the reduction in alcohol consumption [52, 53] . However, current evidence is insufficient to determine how marijuana legalization could influence alcohol impaired driving [54] . Given the lack of evidence, additional research is needed to understand the mechanism underlying the effects of policy intervention, such as PDMP and marijuana legalization, on DUIA among subtypes of prescription opioids and marijuana users.
This study also found that the strength of associations with DUIA varied by substance use type. Prescription opioids only users had 1.65 times higher odds of DUIA than alcohol only users. This may be due to a higher prevalence of alcohol abuse/dependence among prescription opioids only users than alcohol only users in this sample, and alcohol abuse/dependence was positively associated with DUIA in the adjusted analysis. A previous study also found that prescription opioid misuse was more prevalent among people with alcohol use disorder than people without alcohol use disorder [55] . Marijuana and other single drug users also had increased odds of DUIA than alcohol only users. Using two or more drugs was strongly associated with DUIA, which is consistent with previous research examining association of being arrest for driving under the influence [56] . Of different types of multiple drug use, the highest adjusted OR was associated with other multiple drug use (adjusted OR = 3.68), followed by multiple prescription drugs (adjusted OR = 2.83) and prescription opioids-marijuana (adjusted OR = 2.71). When designing and implementing DUIA prevention programs, it is important to identify high-risk groups of DUIA, such as multiple drugs users with alcohol use disorder, so that they can receive intensive interventions. Several studies have documented the effectiveness of a social norm strategy in reducing impaired driving [57, 58] . Based on our study findings, social norms interventions should be implemented by addressing substance use pattern in order to improve their effectiveness. For example, multiple drug users could be exposed to the social norms interventions more frequently (e.g., increasing duration or number of sessions) than alcohol only or single drug users.
This study also revealed a number of variables associated with DUIA. Younger age, male sex, being White, higher income, and alcohol abuse/dependence were Interestingly, higher-income people were more likely to report DUIA than lower-income people. A previous study found that higher-income people tended to have higher alcohol consumption [59] , which may explain the positive association between higher-income and DUIA. In light of these findings, consistent monitoring and education programs should be provided, particularly for young white males. Alcohol abuse/dependence were the most powerful predictors of DUIA. Alcohol abuse/dependence were also more prevalent among drug use groups than alcohol use only group in this study sample, which might attributable to the elevated odds of DUIA among all other substance use groups, compared with alcohol only use group. Such findings underscore the importance of DUIA prevention programs targeting alcohol and other substance users, especially those with alcohol use disorder. As part of DUIA preventive efforts, screening and treatment for alcohol and drug use disorders should be implemented in clinical settings [60, 61] . Alcohol consumption monitoring also appeared to be effective in preventing impaired driving [62] . Consistent monitoring of alcohol consumption and drug use, particularly for people with a substance use disorder, would play a vital role in preventing DUIA.
This study has some limitations. First, this study could not establish temporal or causal relationship due to the nature of the cross-sectional data. Future longitudinal studies are needed to explore the extent to which different types of substance use lead to DUIA. In addition, the prevalence of DUIA was estimated based on self-reports, which might lead to biased prevalence estimations. It is possible that respondents did not report correctly due to social stigma associated with DUIA. Additional research investigating the prevalence of DUIA from oral fluid and/or blood samples may provide a more accurate estimate. Lastly, this study focused on self-reported use of one or more drugs in the past year. The precise timing of use could not be determined from the data source. Previous studies showed that simultaneous use of multiple drugs was more strongly associated with alcohol-related problems as well as unsafe driving than concurrent use of multiple drugs [16, 63] . Thus, examining differences in DUIA risk between simultaneous and concurrent users of multiple drugs would be of interest for further research.
Conclusions
This study demonstrated different time trends of DUIA by substance use type. From 2008 to 2014, DUIA prevalence decreased significantly in all substance use groups, except for other single drug users, with the largest reduction noted among multiple prescription drug users. Although the estimate was not statistically significant, single drug users also showed a decreasing trend of DUIA. Our results lend support in implementing DUIA prevention interventions that should be tailored to substance use type to more effectively reduce DUIA. Furthermore, the strength of associations with DUIA varied by substance use type. In particular, using two or more drugs yielded the highest odds of DUIA, indicating a need for more intensive DUIA intervention programs targeting multiple drug users. Younger people, male, white (vs. black), those with higher income (vs. those with household incomes of less than $49,999), and people with alcohol use disorder were also more likely to report DUIA. Our findings highlight the importance of enhanced DUIA interventions by adding individual sessions that focus on high-risk subgroups [64] , such as multiple drug users and individuals with the above characteristics. Additionally, policy makers should take into account the variations in the likelihood of DUIA by substance use type when designing and implementing strategies for reducing DUIA. Further research is warranted to clarify whether simultaneous use of multiple drugs leads to higher risk of DUIA than concurrent use of multiple drugs. 
